The complexes [H&(SPh)6(PPh3)4]2+ and [Hg(2-pyridylphenyl)Cl]., show an intense low-temperature (77 K) phosphorescence at A,.,= 690 and 500 nm. This emission is assumed to originate from a metal-centered ds excited state which contains considerable Ligand-to-metal charge transfer character.
Introduction
In recent years we have observed photoluminescence from tetrameric Cu(1) [1] , Ag(I) [2] , and Au(I) [ 31 clusters in solution or low-temperature glasses. In addition, emission from dimeric Au(I) complexes was reported by other groups [ has not been reported to our knowledge. It was even stated that a characteristic emission from Hg(I1) is unlikely [ 121. However, inanalogy to Cu(I), Ag(I), and Au(I) we anticipated that Hg(I1) clusters might be luminescent, too. This expectation was based on the fact that the energy separation between the nd" and nd'(n+ 1 )s' configuration of Hg2+ (a43000 cm-') is very similar to that of Ag+ ( = 39000 cm-') [ [H~4W'h)&'Phd41 2+ underwent a slow decomposition in solution and in the solid state. The spectral measurements of this ion were carried out only with freshly prepared samples. Absorption spectra were measured in solution at room temperature on a Uvikon 860 absorption spectrometer. Emission spectra of the complexes in the solid state or in glasses of ethanol or CH,Cl,/toluene ( 1: 1) were obtained on a Hitachi 850 spectrofluorimeter equipped with a Hamamatsu 928 photomultiplier. The luminescence spectra were corrected for monochromator and photomultiplier efficiency.
Results
The absorption spectrum of [Hg(pyph)CI], ( fig.  1) shows two bands at A,,,,, = 242 nm (E = 160000) and 275 nm (e= 120000). The complex ion [Hg4(SPh)6(PPh3)4]2+ does not absorb above 400 nm ( fig. 2 ). Besides a shoulder at 325 nm (c= 12700), the spectrum is rather featureless. Below 250 nm it could not be recorded due to the cut off by the solvent. At room temperature both complexes did not show any photoemission. However, at It is assumed that in these Hg(ll), clusters there is some metal-metal bonding which is caused by ds orbital mixing in analogy to tetrameric Cu(I), Ag(I), and Au(l) complexes [l-3] .
This assumption is based on several considerations.
First, the ds energy separation of Hg( II) is not much larger that that of Ag(1) [ 131. Secondly, ds mixing is known to occur not only in many mononuclear Cu(I), Ag(I), and Au(I) complexes but also in corresponding Hg(I1) compounds [ 13,181. These d" ions might be expected to form only highly symmetric complexes with tetrahedral or octahedral structures. However, these metals prefer frequently linear complexes which are stabilized by ds mixing (second-order Jahn-Teller effect). Consequently, this tendency of Hg(II) to utilize ds mixing seems to be the origin of cluster formation by forming weak metal-metal bonds in the ground state. In this context it is quite interesting that the presence of attractive forces between d" ions including Hg( II) seems to be a very general phenomenon [ 19,201.
The absorption and particularly the emission spectra can now be used to probe the metal-metal interaction in the Hg(iI),
clusters. and Ag(I) the ds transitions should contain some LMCT character [28] . This is also apparent from the spectra of Ag+ in matrices of alkali halides. The ds transitions of Ag+ undergo a considerable red shift in the series halide = Cl-, Br-and iodide [ 291. Such a shift is expected for LMCT transitions. According to these considerations we suggest that the longest-wavelength absorption of [ Hg,( SPh)6-(PPh3)4]'+ at 325 nm is assigned to a mixture of the metal-centered 5d-6s and a LMCT (thiolate+ 6s) transition which is somewhat modified by ds orbital mixing in analogy to the metal-metal interaction in Cu(I), Ag(I), and Au(I) clusters [l-3] . Any participation of the mercury 6p orbitals can certainly be excluded since they occur at extremely high energies. The electron configuration 5d96p' is located approximately 119000 cm-' above the 5d" ground state In the case of [ Hg( pyph)C1]4 the ligands are less reducing. The ds/LMCT transitions are thus expected to occur at higher energies. However, such bands were not detected since the spectrum ( fig. 1) is dominated by the intense intraligand (IL) bands of the ortho-metallated pyph ligand at 275 and 242 nm. At very similar energies these IL bands appear also in the spectra of other pyph complexes [ 30,311. Both tetranuclear mercury complexes show a very strong low-temperature luminescence in the visible region. The red emission of [ [30, 31] . At low temperatures it shows also a well-resolved vibrational structure which is not apparent in the luminescence spectrum of [ Hg( pyph) Cl] 4 ( fig. 1) .
We suggest that the basic features of the luminescence of the Hg(II), clusters can be explained in analogy to the tetramers of Cu (I ) , Ag (I ), and Au (I ) [ l-31. The d and s valence orbitals are split into bonding, nonbonding, and antibonding orbitals by metal-metal interaction. The lowest-energy ds excited state is thus associated with a contraction of the metal cluster due to increased metal-metal bonding. As a consequence the corresponding emission from the ds excited state undergoes a rather large Stokes shift. As discussed above the ds transition may contain an LMCT contribution. This contribution could be smaller for Cu(I), Ag(I), and Au(I) and larger for Hg ( II) . But the basic features of the emission would not be much different. A pure low-energy LMCT transition leads also to the population of a metal-metal bonding MO of 6s origin and subsequently to a contraction of the cluster.
The luminescence of the Hg( II), clusters should be a phosphorescence which is assigned to a spin-forbidden triplet-singlet transition. However, due to the very strong spin-orbit coupling of such a heavy metal the spin selection rule may be only of limited value.
